CapSat is a modularized, pressurized, thermally controlled spacecraft designed to host ruggedized commercially available instrumentation in a terrestriallike environment on orbit.
INTRODUCTION
In February 2013, the Director of Goddard Space Flight Center (GSFC) issued a query for innovative new ideas. In response to that, a white paper was submitted outlining what later would become known as CapSat, short for Capsulation Satellite -a spacecraft with an internal one-atmosphere pressurized volume. Later that year, the first demonstration mission using this concept with an earth-viewing instrument was developed. The following year in April 2014, an addendum was written expanding CapSat into multiple design versions utilizing the USAF Rideshare Program as the best viable option for getting a ride into space. In July 2015, a presentation was made to NASA's Science Mission Directorate (SMD) and later that fall work began on a "New Start Briefing" for NASA's Space Technology Mission Directorate (STMD). In the spring of 2016, CapSat finally secured its first funding from NASA's Earth Science Technology Office (ESTO) and began to build a testable unit. This paper will briefly discuss rideshare, explain some of the main CapSat concepts, and report on the current status of the ESTO study. In addition, updates on other mission designs and future studies will be presented.
RIDESHARE
Growth in Expendable Launch Vehicle (ELV) System capabilities, combined with the reduction in size of required spacecraft systems, has shown a significant availability of mass on NASA missions. Launch vehicles like the new Falcon 9 can put ~15,000 kilograms into low-earth orbit and many single missions just cannot afford to fill that fairing. (See Figure 1 .) Table 1 below shows an availability of more than 20,000 kilograms of mass to orbit for NASA missions launched between 2013 and 2022. [3] . At the 18 th Annual Small Payload Rideshare Symposium in June 2016, the USAF/STP current manifest showed 6-8 launches a year from Fiscal Years 18-22, many with rideshare opportunities.
The USAF Rideshare Program provides not just a structural mechanical interface, but also a proven programmatic approach to sharing a launch vehicle.
For this reason, CapSat was specifically designed to take advantage of the USAF Rideshare Program and exploit the proven capabilities of ESPA adapters.
The more standard ESPA ring can accommodate up to six individual payloads of 180 kilograms each. A 6 port ESPA ring is shown in Figure 2 . However, to maximize the mass available on an individual payload, CapSat was designed to work primarily with the ESPA Grande, which can accommodate 300 kilograms on each of four ports. [4] A four port ESPA Grande is shown in Figure 3 ; 
CAPSAT ARCHITECTURE
One reason that large amounts of mass to orbit go unutilized is the high cost of building reliable space flight hardware. Even if the launch service is free, the cost of flying thousands of kilograms is millions of dollars. To combat this, CapSat goes back to the very origins of spaceflight: Sputnik. Launched in October 1957, Sputnik-1 had a pressurized volume to keep its avionics in a more earthlike environment. [6] Additionally, the current Russian version of a Global Positioning System (GPS) constellation of satellites called Global Navigation Satellite System (GLONASS) uses a pressurized volume for its avionics. As of 2011, there were 26 functional GLONASS-M satellites on orbit with a hermetically sealed cylinder for electronics. The current satellites, GLONASS-K, no longer have the pressurized volumes reportedly because flight-qualified electronics now are readily available. [7] Likewise, NASA's Hitchhiker program, which began in 1984 and ended in 2003, flew hundreds of successful experiments, many with a pressurized volume called a Get Away Special (GAS) can. Commercial-off-the-shelf or COTs electronics -almost all worked successfullyoften were placed inside these GAS cans. [8] So, it is not surprising that this tried-and-true approach is equally exploited today on the International Space Station (ISS) where ThinkPad laptops have been used since 1998. In fact, current estimates indicate that 80-100 are onboard today [9.] CapSat is a hockey puck-shaped spacecraft bus that measures approximately 40 inches in diameter and 20 inches in height. Its mass is approximately 300 kilograms, with more than 100 kilograms and 100 watts available for the instrumentation. See Figure 4 . CapSat has two 0.78 square meter solar arrays capable of producing 138 watts of power each for a total of 276 watts and a LEO orbit average power of 135 watts.
CapSat also has a 1-meter high gain antenna (HGA) capable of producing X-band downlink data rates in excess of 400 Mbps. See Figure 5 . CapSat will take advantage of a pressurized volume for both the spacecraft and the payload. The small satellite and CubeSat markets have produced many viable avionics options. An array of attitude-control system sensors and actuators, as well as power and communications components, are readily available from multiple sources. However, one area that is still somewhat lacking from a cost perspective is a low-cost avionics unit. These units often come with custom software and cost many millions of dollars.
Conversely, highly capable commercial-and military-quality systems designed for aviation and other purposes are readily available for thousands of dollars. CapSat utilized such a system in its engineering unit development in 2016. On the payload side, CapSat's pressurized volume is an attempt to provide a plug-and-play type interface for lab instruments so that they can be readily flown on orbit.
In July 2013, a CapSat demonstration mission concept was studied. (See Figure 6 .) In this study, a laboratory science instrument was adapted to a reduced optical bench and fitted into a CapSat. While this was only a paper study, the instrument was based on a real device running in the lab. Three years later in 2016, this plug-and-play approach was demonstrated with a real instrument on an engineering model of the CapSat using a flyable version of the command and data handling (C&DH) system.
The pressurized volume provides multiple benefits primarily in thermal design; however, many other side benefits exist. By maintaining one atmosphere of pressure inside the CapSat, materials that otherwise might have outgassed and failed or caused significant contamination issues no longer are a problem. This also means that certain vibration-absorbing materials/designs used in COTS hardware can be used on orbit. Additionally, printed circuit boards do not require conformal coating and contamination bake outs are not required.
Figure 6. CapSat Demonstration Mission Study
The primary thermal benefit is that COTS devices, which are cooled by air passing over them, can be used and tested. Typically, a COTS electronics board may not be designed to flow heat away from its components, down into the circuit board, and out to a heat sink, which is typically in the baseplate. Fixing this problem could require redesigning the board and then remanufacturing it in a small production run. This can decrease reliability, while significantly increasing its costs and adversely affecting the delivery schedule.
Perhaps, it is worth mentioning at this point that one atmosphere may not be required to achieve the desired thermal benefits. Lowering the pressure as low as one-third and/or using a different gas could in theory provide similar results. However, this change will ripple through the fan design particularly in speed and head pressure. To use reliable, inexpensive and non-custom fans, it was decided to stay with one atmosphere. This also simplifies testing. Additionally, while we do not expect any significant leaks from our double O-ring sealed system, we do consider a socalled "burp" bottle as an option to maintain the on-orbit pressure at one atmosphere should leakage occur. Plus, from a safety perspective, CapSat will always be at a balanced one atmosphere of pressure inside and out until it finally arrives on orbit.
The CapSat thermal design relies on multiple fans and a particular arrangement of hot and cold wells to achieve an active thermal-control system. This system will provide better thermal control for the onboard electronics -even while flying through low-earth orbit (LEO) eclipses -than they might see in a terrestrial lab during diurnal fluctuations.
CapSat's top and the bottom are divided into two separate radiators, with cavities or wells behind them. Depending on the orbit parameters, one side will generally face cold space and the other will generally face the sun. By controlling the air flow over these two radiators, one hot the other cold, a simple control system can be set up to maintain the equivalent of room temperature while on orbit.
Additionally, two circulating fans not shown below in Figure 7 continuously rotate the air within CapSat. Remember, there is no gravity on orbit and hence no convection; i.e., hot air no longer rises. This is useful information for the well fan design because it means no valves are required to stop air from entering or exiting the hot or cold wells. However, it also means that within the central cavity, the air always must be forcefully circulated. Otherwise, the heat will not flow away from components as may be needed.
Figure 7. CapSat showing one particular thermal fan design
A patent application has been submitted for the CapSat thermal design.
CAPSIT ARCHITECTURE
During a midterm presentation on the CapSat ESTO mission architecture, a request was made to develop a CapSat that was smaller and worked well with a standard ESPA ring with six ports rated at 180 kilograms each. ESTO was spending money developing instruments to fit in a 6U CubeSat and felt the larger 300-kilogram CapSat would be more than what was needed for many applications. In response to this, the CapSat Science Instrument Tube, or CapSIT, was born.
CapSIT takes the pressurized volume to a new level. Instead of pressurizing the entire spacecraft volume, CapSIT only provides a pressurized volume where needed. CapSIT provides a pressurized tube for the instrument. This tube is approximately 30cm wide and 60cm long. It is capable of being pressurized to one atmosphere. It has a built-in circulation fan, but does not retain CapSat's hot and cold well designs. The tube can be fitted with a window or a door. If the door opens, the entire tube could be evacuated or a pressurized partition could be retained. The tube will have an inner sleeve for attachments, leaving no penetrations in the sides of the outer sleeve. See Figure 8 . CapSITs can fly alone or in pairs. When flying in pairs, it will be possible to share an interface unique to the pair. What this means is that one entire tube might be used for an optical assembly and detector that may or may not be pressurized and the other tube might have the corresponding electronics in a pressurized volume. We looked at having one big tube as an option, but decided to stick with a twotube approach for now because it more closely modeled the smaller instruments of interest to ESTO at that time.
As the CapSIT standard becomes more popular, it is anticipated that CapSITs will fly as hosted payloads on other spacecraft. The standardization of interfaces makes this more appealing to the host. CapSITs will have standard software interfaces as well as mechanical, electrical, and thermal interfaces.
The electrical interfaces will be very similar to CapSat's; in fact, it is intended that most of the avionics flown on CapSat can be easily repurposed for the CapSIT bus. The electrical power interface will be the spacecraft bus standard 28 VDC (volts direct current). Communications interfaces will include common terrestrial buses like Ethernet and Universal Serial Bus (USB). The software to support these interfaces will build on the NASA Goddard Core Flight System (cFS) architecture and also support operating systems like Windows.
The tube enclosure is particularly well suited to the electromagnetic interference/electromagnetic compatibility (EMI/EMC) robustness. Maintaining an instrument in a closed aluminum tube will prevent it from directly radiating to the host and provide shielding from the host's radiation. Even though this boundary is lost when the door is opened or through a non-radio frequency (RF)-opaque window, it is still only exposing a minimum aperture. This will prove useful in applications where the host uses high-power transmitters like those on communications satellites.
CapSIT's thermal interface was intended to allow for complete isolation from the host spacecraft. This can be achieved physically by means of simple isolators, such as G-10. Additionally, the tube was intended to be mounted in an external exposed location on the spacecraft so that it could radiate directly to free space. Individual tubes may use different types of external thermal coatings, including Multilayer Insulation (MLI) blanketing, depending on their mounting locations and view factors. One feature of the pressurized tube is that it will evenly distribute the heating or cooling even if the internal components cannot be ideally located. Flying on the standard CapSIT bus, all tubes will have basically the same open view. The main difference in designs will stem from the requested viewing orientations for the spacecraft. The CapSIT carrier bus will be a 3-axis stabilized LEO bus based on the same architecture, components, software, and ground systems as the CapSat bus. It will be smaller and more agile, but lack the larger HGA and X-band downlink capabilities.
Mechanically, the tubes have been analyzed for containment in the event that the equipment contained inside were to break apart. (See Figure 9 .) The total mass inside the tube is currently limited to 17.5 kilograms. As long as this mass is not exceeded, the tube will remain contained.
Additionally, all ESPA-based spacecraft are basically cantilevered off the horizontal attach point. Because of this, it's also easy to cantilever the instrument tubes off their base. This feature allows for the open/exposed tube architecture, which enables different external thermal coating designs for the individual tubes. (See Figures 10, 11 , and 12.)
An additional side benefit of this mounting architecture is the ability to very easily integrate science instrument tubes to the spacecraft bus. Given that the tubes can be independently environmentally tested, this architecture gives rise to a low-risk "ship-and-shoot" approach. In other words, the instrument tubes can be delivered to the launch- integration site independently of the spacecraft. This might not be the first choice, however. If you think of the science tube in the same manner as the Hitchhiker GAS can, the integration flow is not too far off. Hitchhiker GAS cans were tested independently with the Hitchhiker avionics and shipped to the Cape for integration into the Shuttle cargo bay.
The standardization of an instrument interface has many benefits.
It clearly decouples the development of instruments and spacecraft schedules. This is ideal for working in a rideshare environment. As instruments are built and pass qualification testing, they can be moved into flight-ready status and launched on the next available rideshare headed to the desired orbit.
Similarly, spacecraft can be competed and developed by multiple vendors, including academia. Of course, joint spacecraft and instrument builds will not be prohibited. However, the separation of these developments will likely prove to be more cost effective.
Announcements of opportunity can go out for instrument tubes, while separate contracts are let for tube-carrier spacecraft managed on IDIQ (indefinite delivery/indefinite quantity) contracts. Additionally, spacecraft can be bought in bulk at a reduced cost and repurposed at the launch site, as needed.
CapSIT could provide a faster response to spaceflight needs. An existing, lab-based experimental instrument could be ruggedized and repackaged into a supplied CapSIT tube, qualified, and delivered to CapSIT bus integration in a very short amount of time. The instrument would have to meet the mass, power, data, and center-of-mass requirements, but "if it fits, it flies." This greatly reduced schedule will translate into greatly reduced costs.
Ruggedizing a payload is an individualized process tailored to the hardware at hand. It might include removing things like connectors, moving parts, switches, etc. and replacing them with flight quality hand soldered wires. It might include ruggedizing electronics boards with stiffeners and brackets. It might also include adding EMI and/or radiation shielding.
COTS hardware will always have radiation concerns that need to be addressed. Total dose levels for LEO orbits are manageable with reasonable parts selection and shielding. CapSat has significant aluminum structure in all directions providing inherent shielding plus plenty of additional mass available for localized shielding as needed. Single event upset and latch up events will need to be addressed separately. A robust watchdog timing and reset system will need to be employed. Fortunately, the cFS software system is well designed for this. Parts selection may not always be an option, however, many commercial parts are capable for LEO. Parts with unknown capabilities require testing or incur additional risk. Known outliers can be replaced or shielded. The risk associated with radiation concerns will always be proportional to the unknowns. Different missions will choose to spend more or less money in this area based on their individual risk adversity.
Rideshare often requires a mass simulator to be built and delivered. This way, if the actual payload is not available in time, the mass simulator can be flown. This maintains the integrity of the coupled loads analysis for the overall launch. For CapSIT, this requirement for mass simulators will be reduced to tube simulators and a supply of viable instruments will all but eliminate the need to fly a simulator.
It is important to note that despite its significant potential, CapSIT is currently only an architecture study.
SCIENCE INSTRUMENTS

Types of Science
CapSat (including CapSIT) is capable of observing in all directions: earth pointing, sun pointing, and stellar pointing. As such, CapSat can be used for all types of science: earth science, space science, astrophysics, and solar physics. CapSat also enables demonstrations of both pressurized and non-pressurized technology.
However, where CapSat excels is in the ability to make measurements using low-cost terrestrial COTS hardware. For instance, flying a COTS 8-10-inch-diameter telescope in a thermally stable, pressurized volume will yield an optically stable viewing capability at a very low cost. One can envision the capability to take an instrument directly out of the lab, ruggedize it, and fly it in a very short amount of time. This was a key feature of the earlier NASA Hitchhiker Program.
This can produce a bit of a conundrum for technology development. While on the one hand, CapSat provides a low-cost, reliable ability to place an instrument in space, being in a pressurized volume may not promote an instrument's technology readiness level, or TRL, to its desired level for a future non-pressurized flight. In fact, a solution to obtain the desired science measurement might be very obtainable with already-developed COTS hardware that is nothing like the technology needed for vacuum-rated flights. This is great for getting science data at a high return on investment, but not as great for advancing vacuum-rated technologies. However, if you have an airborne-rated instrument or want to fly a completely COTS architecture, CapSat may be the fastest/lowest cost way to get it on orbit.
Redesigning instruments to meet reduced resources in mass, volume, and power can be one of the costlier expenses for flight instruments. However, due to the significant resources in mass, power, and volume afforded by CapSat, costly redesign to reduce instrument size can be eliminated. This is one of the premises of CapSat: right sizing. The aerospace industry spends a lot of money on reducing mass and volume and rightfully so. However, now with launch vehicles having large masses to orbit that go unused, it is time to adjust the science instrument size back to what's more efficient for the opportunities available and rideshare at >300 kilograms via ESPA Grande makes those opportunities more available.
Many of the concepts developed for CapSat will work equally well for externally mounted instruments. In fact, we are currently studying an orbital debris mission that does just that: places the sensor on the outside of the spacecraft.
SOFTWARE
CapSat will use the NASA GSFC's Core Flight System. For decades Goddard has delivered flight software to its satellite builds. In 2005 a system for reuse was developed called the core Flight System or cFS. Developed at NASA GSFC with heritage from SMEX and MIDEX missions (SAMPEX, SWAS, TRACE, WIRE, DSCOVR, Swift, RXTE, TRMM, WMAP, SDO) and used on these GSFC missions LRO, GPM, MMS, LADEE, RBSP, Morpheus, Solar Probe Plus, and more. This software is available open source.
In addition to the heritage flight software CapSat will also use the Integrated Test & Operations System (ITOS) ground system software. ITOS builds of heritage going back to the small explorer missions in 1990. ITOS is now available commercially.
ITOS supports from board and box development all the way through to on orbit mission operations.
These two software packages provide a very robust and proven spaceflight capability. Uplinks and downlinks meet all the Consultative Committee for Space Data Systems (CCSDS) protocols. However, to be even more compatible with lab instruments a version of Microsoft Windows was also incorporated into the flight computing system. All of the command and telemetry handling, time tagging, command verification, etc. is handled by the cFS. Windows is able to run separately in such a manner that if it hangs up the spacecraft bus remains unaffected.
This arrangement was demonstrated in the CapSat lab in July of 2016. A next-generation photodetector camera system was incorporated into a CapSat system to verify how easily a lab development could be moved to a flight environment from a software perspective.
The ESTO funded Strained-Layer Superlattice Infrared Detector Camera also known as SLS is based on the next generation of detectors. SLS is ten times more sensitive than the previous Quantum Well Infrared Photodector or QWIP detectors which are in Landsat's Thermal Infrared Sensor (TIRS) instrument.
A version of this SLS camera was integrated into CapSat. The SLS camera was relocated to the inside of a CapSat and connected via Ethernet to the flight computer running a version of windows as well as the core Flight Executive (cFE) from cFS. Commands for the camera were created using the original vendor provided lab software running in the Windows environment on a laptop that acted as the Science Operations Center (SOC).
These commands including mouse strokes were captured and sent via ITOS to the onboard computer where they were converted back to the same inputs to another copy of the vendor supplied windows software and executed onboard by the camera residing in CapSat. A standard hardline connection was used to bypass the flight and ground RF systems which were not present.
Similarly, the downlink was verified. In this case the image captured was returned to the ground via ITOS and passed back to the original computer acting as the SOC.
THERMAL
The CapSat design features non-space-rated commercial electronics; because of this, the canister must remain at ambient temperatures (~25 O C) and pressure (~760 torr/14.7psi). Therefore, the thermal design tries as much as possible to simulate a terrestrial environment inside the canister. Cooling fans circulate canister air across a radiator surface (the bottom surface of CapSAT) when the electronics need to be cooled. When the electronics no longer need cooling, the fans turn off, allowing the canister air to warm up. Software (or mechanical bi-metallic thermostats) can be utilized to switch the fans on and off to tightly control the cooling. As the cooling fans turn off, the stratified air inside the CapSAT will not continue cooling the electronics due to microgravity, eliminating the need for auxiliary operational heaters. Unfortunately, the zerogravity environment prevents natural convection between the air and boxes; thus, circulation fans (separate from the cooling fans) must remain turned on even when the cooling fans are turned off. This prevents air stratification and box overheating. Figure 13 shows a thermal schematic of how the cooling fans are utilized to cool the internal air canister when cooling is warranted. When cooling is no longer needed, the cooling fans turn off automatically.
Although the CapSat thermal design can work in a variety of orbital situations, it has been thermally analyzed for a LEO orbit (703 kilometers, polar), as shown in Figure 14 for both a hot biased (beta angle of +32 O ) and a cold biased (beta angle of +12 O ). For thermal design purposes the beta angle is the angle measured between the Satellite's orbit plane and the Sun-Earth plane. NASA has several Earthobserving satellites that follow this same orbital track. This is often called the Afternoon Constellation, or the A-Train, for short.
The combination of MLI blanketing, adequately sized radiator surfaces, correctly sized fans, and tailored optical properties of the radiator surfaces result in acceptable electronics temperatures within CapSat. Electronics can dissipate slightly more than 200 watts, or down to almost nothing when the correct thermal design is used. It should be stated that the size of the bottom surface radiator will be tailored to each CapSat's power-dissipation needs. If the electronics' heat load is not maximized to the full capability of CapSat's radiator, then the radiator's surface are can be reduced by adding MLI over the radiator. In addition, high-powered boxes (large-power, small-surface area), which may not have enough surface area for adequate convective cooling, can be directly hardmounted to the canister's side walls for heat rejection (when the side-wall MLI is cut out for a radiator surface).
Thermal Vacuum Testing
To demonstrate the thermal adequacy of the CapSat design, a thermal-vacuum test article was built utilizing thermal/mechanical simulators (correct size and mass) of various electronics boxes. Kapton film heaters were used to simulate the power dissipations of the simulated metallic boxes. Approximately 130 watts of electronics power dissipation was used in the thermal-vacuum test.
Figure 17. CapSat Thermal Vacuum Test Article
The CapSat thermal-vacuum test article is shown in Figure  17 just before it is pushed into NASA Goddard's Vacuum Chamber #237, a 7-foot-wide by 9-foot long chamber. Liquid nitrogen (LN 2 ) combined with a temperature conditioning unit was utilized to generate environmental conditions representative of the A-Train orbit.
The CapSat thermal-vacuum test article was fitted with 130 watts of electronics box simulators. A 45-watt transmitter was hardmounted to the canister's sidewall, whereas the remaining boxes were isolated from the walls and utilized convective cooling for temperature control. Even though the simulated boxes were smooth-walled metallic simulations, in actual flight, high-powered boxes could utilize finned surfaces to enhance heat tranfer or even use commercial internal fans (as in commerical power supplies or laptops) to enhance heat transfer; whatever works in the ground/lab for box cooling can be used in the flight units.
During thermal-vacuum testing, the internal volume of the CapSat unit remained at ambient pressures as a result of a very low, flow-rate purge. The chamber's ion gage verified no leakage in the vacuum chamber, which remained under 2.0E-6 torr for the entire test.
A 4-foot by 4-foot cold plate was placed under the CapSat test unit to simulate environmental conditions, and the chamber shroud also was placed at a temperature to simulate the space environment (although MLI blanketing on the side walls and top surface reduced heat rejection from all but the lower radiator).
Three cooling fans were placed inside the CapSat test article to reject the electronics' internal heat and convect the air across the radiator surface. Two other fans were used to circulate air within the canister cavity, just as in flight.
(Remember in flight, zero-gravity conditions necessitate the use of circulation fans to prevent air stratification when the cooling fans are turned off.) However, in thermal-vacuum testing, stratification will not happen.
Pressure-drop analysis of the fans were used based on CapSat geometries to better estimate flow rates of the fans using vendor-supplied fan curves and system pressure drops across the radiator, plenum, ducts, etc. Figure 18 shows the results of the flow-rate calculations. Calculations show each fan should generate approximately 25 cfm of flow rate.
Temperatures were plotted on all box surfaces and various CapSat surfaces throughout the testing. Both hot and cold balance points were recorded, as well as cold-to-hot thermal transitions. In addition, cooling fans were turned off during the testing to demonstrate thermal-transient responses. Lastly, all fans were turned off for a short period of time just to characterize their effects on the electronics. Figure 19 shows a plot of various components during the thermalvacuum test campaign. These temperatures will be used to correlate the thermal model of CapSat, especially the assumed heat-transfer coefficients across all surfaces. While a pressurized spacecraft volume is not required for this type of sensor, CapSat will make available a pressurized volume for the sensor electronics. This will maximize the options for the use of lower-cost COTS devices while providing an enhanced thermally stable on-orbit environment to promote longevity.
ORBITAL DEBRIS MISSION
If the DRAGONS mission were to be funded, it would launch on a rideshare flight no earlier than 2020. The mission's direct measurements would be used to update current debris models. This, in turn, would provide more accurate risk assessments and cost-effective shielding designs for current and future missions.
SUMMARY
The environment for launch capabilities has changed. Launch vehicle capabilities have grown while satellite requirements have shrunk. This means that more capability to orbit is available than can be utilized at traditional cost of dollars per kilogram to orbit. CapSat offers a solution to this problem. By utilizing a pressurized volume to fly components designed for terrestrial applications, CapSat can significantly reduce costs, all the while maintaining the environments for which these components are designed to operate. While there is a change in risk posture, the reliability of pressurized volumes for on-orbit applications is well proven by the scores of laptops currently operating onboard the ISS.
Imagine going into the lab and creating new measurement systems with readily available COTS hardware and then simply repackaging and ruggedizing them for flight using the same software that was used in the lab. This could all be completed without the long lead times and costs associated with traditional spaceflight hardware. This is the true power of the Capsulation Satellite concept. Whether in the CapSat or CapSIT form, it is the ability to conduct significant science, comparable to a single instrument on a full-sized satellite or a dedicated SmallSat, at a price that is more comparable to that of a CubeSat mission.
NASA's current portfolio for smaller free-flying science missions include Small Explorer missions at hundreds of millions of dollars and CubeSat missions at tens of millions of dollars. With an intended price point of $15M and a mass of greater than 300 kilograms, CapSat can provide 50 times more mass at 20 times less cost.
